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Inﬂammatory bowel diseaseAbstract Objective: To evaluate the value of conventional abdominal ultrasound and color
Doppler in the diagnosis of inﬂammatory bowel disease (IBD) and its complications.
Materials and methods: 40 patients suffering from colonic symptoms were evaluated by high reso-
lution ultrasonography and color Doppler scanning.
Results: The accuracy of conventional abdominal ultrasound in detecting inﬂammatory bowel
cases was 80% and the accuracy of color Doppler in detecting the hypervascularity was 75%.
Conclusion: Conventional ultrasound is a widely available non-invasive method for imaging the
alimentary gastrointestinal tract. This can provide an important contribution for diagnosis and
monitoring of disease activity. Color Doppler sonography has proved to be a valuable method
for the assessment of disease activity in inﬂammatory bowel disease.
 2014 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Radiology and Nuclear
Medicine. Open access under CC BY-NC-ND license.1. Introduction
Inﬂammatory bowel disease (IBD) can involve either or both
the small and large bowel. Crohn’s disease (CD) and ulcerative
colitis (UC) are the most known forms of IBD, and both fall
into the category of ‘‘idiopathic’’ inﬂammatory bowel disease
because their etiology is unknown (1).Environmental, infectious, genetic, autoimmune, psychoso-
cial factors and host factors that have been proposed. Interac-
tions among these factors may be more conclusive (2).
Infectious colitis generally has a more acute onset and run a
shorter course than UC and CD. Bacterial organisms that
can produce infectious colitis include Shigella, Salmonella,
Campylobacter, and some Escherichia coli. Bacteria are a com-
mon cause of acute self-limited colitis (3).
Advances in the understanding of bowel appearances with
high resolution sonography have led to consideration of this
technique as an important tool for bowel disease assessment.
Ultrasonography may display the transformation of the intesti-
nal wall from normal to pathological state in inﬂammatory dis-
ease. Furthermore, intestinal ultrasonography may serve as a
diagnostic clue if typical patterns of the bowel wall are demon-
strated (4). Abdominal sonography as a non-invasive diagnostic
method has proven to be of great value in evaluating patients
Table 1 The clinical features of the studied groups.
Clinical features Crohn’s disease (n= 6) Ulcerative colitis (n= 5) Others (n= 9) Total (n= 20)
Diarrhea 5 3 4 12(60%)
Mucous in stool 3 3 3 9(45%)
Bleeding per rectum 3 5 2 10(50%)
Tenesmus 4 2 3 9(45%)
Abdominal cramps 6 2 5 13(65%)
Abdominal tenderness 6 4 7 17(85%)
Table 2 The mean and SD of bowel wall thickness (BWT) by
ultrasound of the studied groups.
BWT Maximum Minimum Mean SD
Control n= 20 3 mm 1 mm 2 mm 1.4
Patients n= 20 10 mm 5.5 mm 6.2 mm 1
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inﬂammation is characterized by thickened and hypoechoic in-
ﬂamed bowel wall (5).
Similarly, color Doppler can be used as a non-invasive
method to evaluate the vascular changes which develop in
splanchnic circulation and bowel wall of patients with IBD.
Thickened and hypervascularized bowel wall are characteristic
ﬁndings in IBD. Power Doppler sonography offers an addi-
tional non-invasive procedure for the determination of activity
in patients with IBD (6).
IBD is a chronic disease with remission and exacerbation
and variable response to therapy needing repeated evaluation.
A non-invasive tool of diagnosis would be of great value in the
evaluation and follow up of such patients. Ultrasound and col-
or Doppler were reported to be of promising value to attain
such objective (1).
The aim of the current study is to evaluate the value of con-
ventional abdominal ultrasound and color Doppler in the
diagnosis of IBD and its complications.
2. Patients and methods
The study was conducted at the Radiodiagnosis Department,
Ain Shams University on 40 patients (22 females and 18 males,
mean age 34), having colonic symptoms on clinical basis and
presenting mainly to the Gastrointestinal and Liver Endoscopy
Unit, Ain Shams University during the period between July
2012 and May 2013.
Exclusion criteria:
- History of colonic resection.
- Patients with documented splanchnic vessel occlusion.Table 3 Ultrasound ﬁndings in inﬂammatory bowel disease patien
Ultrasound ﬁndings Crohn’s disease (n= 6) Ulcerat
Wall thickness 6 3
Wall echotexture
Stratiﬁed 4 5
Non-stratiﬁed 2 0
Loss of haustra 4 3
Lymph nodes 1 0All patients were subjected to thorough history taking and
complete clinical assessment and stool analysis. Endoscopic
examination was performed; establishment of the diagnosis
and the disease extent was proved by colonoscopy and biopsy.
Written and verbal consents were obtained from all patients as
well as an agreement of the local ethics committee.
2.1. Patient preparation
The examination was performed within 3 days of endoscopy,
all patients were instructed to fast the night prior to the
examination.
2.2. Ultrasound scanner
The examination was performed using ultrasound machine
LOGIQ 500(GE, Yokogawa Medical System Ltd, Tokyo, Ja-
pan) with a 7 MHz linear transducer.
2.2.1. Scanning technique
The examination was done by a single operator.
All four abdominal quadrants were explored systematically
by the grey-scale sonography. The intestinal loops were sub-
jected to both longitudinal and transverse scans. The portion
of the abnormal bowel loop that was scanned and the bowel wall
thickness were recorded. The bowel wall thickness (outer wall to
the luminal surface), obtained with compression, was measured
by using mechanical cursor in the area of greatest abnormality.
Doppler examination of the abnormal bowel loop was per-
formed using color Doppler, power Doppler and spectral
analysis.
2.2.2. Data interpretation
A wall thicker than 3 mm was considered to be abnormal (5).
The bowel wall echo texture was categorized as stratiﬁed or
non-stratiﬁed (11).
Conventional abdominal ultrasound was done to search for
the following:ts.
ive colitis (n= 5) Others (n= 9) Total (n= 20)
7 16(80%)
9 18(90%)
0 2(10%)
0 7(35%)
0 1(5%)
Fig. 1 (A) Transverse image of the loop of the small bowel
showing BWT 7 mm. (B) Mesenteric lymph node. (C) Power
doppler of the affected segment showing moderate increase in the
vascularity. Final diagnosis was Crhon’s disease.
Fig. 2 (A) Longitudinal images of the terminal ileum showing
increase in BWT 5 mm. (B) Power Doppler image of the terminal
ileum showing mild increase in the vascularity. Final diagnosis was
ileitis.
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* Interbowel or free peritoneal ﬂuid.
* Assessment for abscesses, stenosis and ﬁstula.
* Loss of normal stratiﬁcation of the bowel wall.
* Loss of the haustra of the colonic wall.
* Presence of lymph nodes.
* Examination was completed by noting any abnormality in
the liver, spleen, gall bladder, pancreas, kidneys and urinary
bladder.
Color Doppler scanning was done to assess for the
following:
A color Doppler ﬂow was considered to be present when
colored pixels were consistently reproduced at the same loca-
tion or were documented with the presence of pulsed wave-
forms. The color Doppler ﬂow was subjectively categorized
as either ‘‘abundant’’ when numerous colored pixels were dis-
tributed throughout the entire segment of the thickened bowelwall; ‘‘mild’’, when few colored pixels were localized to the
fewer region of the bowel and ‘‘moderate’’ when the colored
pixels distribution was in between the previously mentioned
categories.
3. Results
The study included 40 patients (22 females and 18 males) com-
plaining of colonic symptoms on clinical basis.
The patients were divided into two groups: The ﬁrst group;
inﬂammatory bowel disease (IBD) group consisted of twenty
patients having an established diagnosis of IBD both endo-
scopically and histopathologically and having active disease
state. The control group consisted of twenty subjects who
had normal colonscopic ﬁndings and suffered from no associ-
ated major illness.
The mean age of the ﬁrst group was 37 years (SD 12.7)
while that of the control group was 31 years (SD 8.1).
The disease entities in patient with inﬂammation included
crohn’s disease (CD) n= 6, ulcerative colitis (UC) n= 5,
infectious Colitis n= 4, non-speciﬁc ileitis n= 3, appendicitis
n= 2.
The clinical features of the studied patients revealed that;
85% of patients complained from abdominal tenderness, and
50% of patients complained from bleeding per rectum (all pa-
tients of UC, 3 of the 6 Crohn‘s disease patients and 2 other
patients), also 60% of patients were complaining of chronic
diarrhea (5 of the 6 CD patients, 3 of the 5 UC patients and
4 of the 10 other inﬂammatory conditioned patients). Stool
Fig. 3 (A) Longitudinal segment of the colon showing loss of
haustra. (B) Color Doppler of the affected colonic segment
showing mild increase in the vascularity. Also showing increase
BWT (6.5 mm) with normal layering. Final diagnosis was ulcer-
ative colitis.
Fig. 4 (A) Transverse image for the caecum showing increase in
the BWT (5.5 mm) with normal layering. (B) Color Doppler of the
cecum showing moderate increase in the vascularity. Final
diagnosis was infectious colitis.
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with infectious colitis.(Table 1).
In the control group the mean bowel wall thickness (BWT)
was 2 mm with a range from 1–3 mm, but in the patient group
the mean BWT was 7.5 mm with SD about 1.0.(Table 2).
By using the high resolution trans-abdominal ultrasound it
was found that 80% of cases had increase in the BWT (all
cases of CD, 3 of 5 of the UC patients and another 7 patients
showed signiﬁcant increased BWT). Also it was observed that;
90% of cases had normal stratiﬁcation of the bowel wall and
loss of stratiﬁcation was observed only in 2 cases of CD pa-
tients. Also it was observed that 35% of cases had loss of haus-
tra of the colon (4 of 6 from CD patients and 3 of 4 from the
UC patients). Lymph nodes could be detected only in one case
of CD patients.(Table 3).
Extra-intestinal sonographic ﬁndings were detected in 2 CD
patients: gall stones in one patient and fatty liver in another.
No abnormalities were detected in the liver, gall bladder,
spleen and pancreas in the rest of examined groups.
By using the color Doppler it was observed that; mildly,
moderately or abundantly visible color Doppler was identiﬁ-
able in most of patients with inﬂammation. 40% of cases
showed moderate color Doppler ﬂow (Figs 1 and 4), 20% of
patients showed abundant color Doppler ﬂow, only 15% was
showed a mild increase in the color (Figs 2 and 3) and ﬁve pa-
tients showed no color Doppler signal. (Table 4).
It was found that the accuracy of high resolution ultra-
sound in detecting the inﬂammatory bowel disease was 80%and the accuracy of the color Doppler in detecting the hyper
vascularity in inﬂammatory bowel conditions was 75%.4. Discussion
Bowel wall inﬂammation in IBD causes signiﬁcant changes in
resistance and velocity in the mesenteric blood supply. Hyper-
dynamic blood ﬂow in IBD has been shown by different inva-
sive methods. Early angiographic and histopathologic studies
revealed increased vascularity within the mucosa and submu-
cosa but reduced muscularis blood ﬂow in active disease,
which tend to decrease further in the late ﬁbrosing stage (7).
Sonography can be useful in analyzing the bowel wall and
obtaining functional information about most of the affected
bowel in CD and UC (6).
In our study bleeding per rectum was universal in the UC
subgroup. The next most frequent symptoms in those patients
were diarrhea followed by passage of mucus in stools. In CD
subgroup diarrhea was universal, while bleeding per rectum
was found in half of those patients which was in agreement
with many studies such as Galland (8) who reported that
Ulcerative colitis patients typically present with rectal bleed-
ing, diarrhea, tenesmus (urgent desire to evacuate the bowels
but with passage of little stool) and Crohn’s disease patients
typically present with diarrhea, abdominal pain, and weight
loss.
Table 4 Doppler examination ﬁnding in inﬂammatory bowel disease patients.
No color Mild Moderate Severe Total
Patients (n= 20) 5(25%) 3(15%) 8(40%) 4(20%) 15(75%)
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nant symptoms in Crohn’s disease are typically abdominal
pain and diarrhea. These are present in more than 70% of
all patients at diagnosis and UC patients mostly presented
by bleeding per rectum and diarrhea.
By measuring the BWT we found the BWT of the control
group was ranging from 1 to 3 mm which was compatible with
Nylund et al. (5) who reported that with the use of high-reso-
lution US, the cutoff between normal and pathological wall
thickness is typically 3 mm.
In our study it was found that the speciﬁc feature for the
inﬂammatory conditions in the ultrasound was increase in
the thickness of the bowel wall, in the patient group we found
that 16 of 20 cases showed increase in the BWT ranging from
5.5 to 10 mm with SD 1.This is similarly reported by Nylund
et al. (9); The typical ﬁnding in IBD is wall thickening greater
than 3 mm. In CD, it is usually between 3 and 15 mm and in
UC, the wall thickness is usually in the range of 3–10 mm.
In our study we found 2 cases showing loss of stratiﬁcation
in the bowel wall in the advanced stage in CD patients. This
was compatible with McGregor (10) who reported that strati-
ﬁcation of the bowel wall is preserved early in the disease pro-
cess. As the disease becomes more severe and transmural, the
layers become ill deﬁned, ﬁnally becoming partially or com-
pletely destroyed. In addition the bowel segment is usually stiff
and demonstrates reduced or absent peristalsis.
Only in one patient with CD we could detect mesenteric
lymph nodes and small amount of intra peritoneal ﬂuid. Strobel
et al. (11) reported that the ﬁnding of mesenteric lymph nodes is
non-speciﬁc andmay reﬂect disease activity, but infectious intes-
tinal diseases have to be excluded by stool and serologic tests.
In our study we found 7 cases exhibit loss of the haustra of
the colonic wall, 4 cases of CD and 3 cases of UC patients.
Also we could detect Extra-intestinal sonographic ﬁndings as
calcular cholecystitis in one of CD patients and fatty liver in
another patient with CD. No abnormalities were detected in
the liver, gall bladder, spleen and pancreas in the rest of exam-
ined groups. But Allgyer et al. (4) reported that transabdomi-
nal ultrasonographic examination of extraluminal phenomena
such as free ﬂuid collection and/or mesenteric lymph nodes
also may reﬂect disease activity, but clinical data corroborating
such a view are scanty.
As regards color Doppler in assessment of inﬂammatory
bowel conditions: color Doppler can be used as a non-invasive
method to evaluate the vascular changes which develop in
splanchnic circulation and bowel wall of patients with IBD.
Thickened and hypervascularized bowel wall are characteristic
ﬁndings in IBD (6). Color Doppler can identify increased vas-
cularity associated with gastrointestinal inﬂammatory condi-
tions. It has been suggested that speciﬁc diagnosis can be
established based on ﬂow patterns. Mucosal or transmural
hypervascularity on color Doppler can be seen with several
inﬂammatory bowel processes. Power Doppler sonography of-
fers an additional non-invasive procedure for the determina-
tion of activity in patients with IBD (12).In our study we found that most of the patients with inﬂam-
matory bowel conditions exhibit a degree of hpervasculariza-
tion in bowel wall, 4 cases show abundant color Doppler
ﬂow, 8 cases show moderate increase in the Doppler ﬂow
and 3 cases show mild increase in the color Doppler ﬂow This
was compatible with many studies such as Nuylund et al. (10)
who reported that inﬂammatory bowel disease is associated
with neovascularization in the affected areas, and early exam-
inations with color Doppler suggested increased blood ﬂow to
affected areas of the intestine.
Also Esteban et al. (13) reported that hyperemia of the in-
ﬂamed gut wall and adjacent inﬂamed fat could be found in ac-
tive CD patients, whereas in the control group no color signals
were detected in the walls of the normal distal ileum. This
hyperemia becomes more intense in cases of active CD. Also
Wilson 2011 (1) reported that; Doppler ultrasound is an essen-
tial basic tool as blood ﬂow within the bowel can be a sign of
inﬂammation.
Concerning the conventional abdominal ultrasound, its
accuracy in detecting inﬂammatory bowel cases was 80%
and the accuracy of color Doppler in detecting the hypervascu-
larity was 75%. This was compatible with Allgyer et al. (4)
who reported that the sensitivity of US and color Doppler in
detecting IBD is generally in the range from 70.0 to 94 percent
and 67 to 97 percent.
5. Conclusion
Conventional ultrasound is a widely available non-invasive
method for imaging the alimentary gastrointestinal tract, it
permits evaluation of the transmural aspects of inﬂammatory
or neoplastic pathology within its surrounding structures. This
can provide an important contribution for diagnosis and mon-
itoring of disease activity.
Color Doppler sonography has proved to be a valuable
method for the assessment of disease activity in inﬂammatory
bowel disease.
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